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Abstract. The examined pollution sources in the current paper include combustion and industrial processes; agriculture; 

household heating; waste and waste water treatment; road, rail and aviation transport. The investigated group of 

contaminants released from each of the listed pollution sources for the period 2011-2020 in Bulgaria are the following: 

sulphur and nitrogen oxides, non-methane volatile organic compounds, methane, carbon and dinitrogen oxide, carbon 

dioxide and ammonia. A hierarchical organization of the objects from the mentioned sets is built. This studied 

information from time series stored in xlsx files is structured in a relational database. In this connection, the values of 

contaminants from a certain pollution source in the relevant file are presented in matrix form. The variation of the 

number of columns in the formed rectangular matrix depends on the number of the examined years. The data are 

regrouped to obtain the transposed matrix. The components from each column of this matrix are entered into a selected 

field of a certain table from the database. The presented approach integrates the processes of searching the indicated data, 

restructuring and grouping separate datasets, and entering them in the built database. Certain criteria are defined in order 

to form and extract groups of elements from one or more tables of the database, as well as to establish the relevant 

dependencies for the studied objects. Analysis of variance and Tukey's range test are used for statistical assessment of the 

data. The approach can also be applied to examine datasets on air pollutant emissions for other countries. 

INTRODUCTION 

Information and communication technologies [1], [2] have entered every area of business, economics, 

management, etc. Most organizations need to collect large amounts of data [3] from electronic and paper sources 

every year [4]. Different methods are used for their processing, interpretation of the results [5], [6] and making 

adequate decisions [7], [8] for the considered problems in the respective field.  

According to Sharma et al. [9] “Data mining is used to extract implicit and previously unknown information 

from data”. The study of Priya and Anandhan [10] notes that “Data mining is the process of discovering unrevealed 

patterns from the huge amounts of data available in database”. In paper [11], the authors present a literature review 

“on the use of data mining in the analysis of air pollutant measurements”. In addition, some studies consider models 

for predicting air pollution [12], [13]. Part of these issues are a subject of consideration in the current paper. 

The information related to the pollution sources is published on the web site of the Bulgarian National Statistical 

Institute [14]. These studied data on air pollutant emissions from the considered time series are saved in xlsx files. 

There are cases where it may take a lot of time for individual users to search certain characteristics for these objects. 

Existing relationships between objects of examined groups may also be missed. One solution to these problems, in 

order to avoid the listed above difficulties, is to organize the information from the mentioned time series in one 

electronic source. In this case, it is appropriate to use a relational database. 

The aim of this article is to present an approach for modeling and restructuring datasets concerning air pollutant 

emissions from major pollution sources in the period 2011-2020 in Bulgaria. Subsequently, the method of the 

analysis of variance and Tukey's range test are applied for statistical assessment of the studied data. The obtained 

results are summarized and the relevant conclusions are presented. 
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MATERIALS AND METHODS 

Approach description: The presented hierarchical structure of the elements from the considered datasets is 

visualized in the scheme from Fig. 1. The study covers ten years time period in Bulgaria. The group of the pollution 

sources is shown at the first level in the hierarchy. It is denoted as the set S. The mentioned set S = {pollution 

source_1, pollution source_2, …, pollution source_n} contains n elements, where n>1. The next level involves the 

pollutants. It is denoted as the set L. The indicated set L = {element_1, element_2, …, element_ j} consists of j 

components (j>1). It should be noted that each of the investigated sources emits the same pollutants (Fig. 1). The set 

C = C1j  C2j … Cnj contains the subsets of the values of the relevant contaminants from each of the considered 

pollution sources during the studied time period. The components of this set are presented at the next level in the 

mentioned scheme. 

 

FIGURE 1. General scheme of data organization and hierarchy 

 

In general, the presentation of the data related to a considered pollution source in the mentioned xlsx file is as 

follows: 
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where the formed rectangular matrix contains p rows and j columns, jpc  - the value of the j-th pollutant in the p-th 

year, 1<=p<=10. The variation of the number of columns in the relevant formed matrix depends on the number of 

examined years.  

These studied data need to be restructured. They must be presented in an appropriate form, as they will 

subsequently be organized and distributed in the relevant tables of a built relational database. For this purpose, the 

transposed matrix is formed and the following representation is obtained: 
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Practically, the components of each of the columns of this considered matrix are entered into a relevant field of a 

designed table from the database. In addition, the time segment must be entered. In this connection, the following 

rectangular matrix is formed: 
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where, py  - given year from time period, 1<=p<=10. 

The current study considers a set from seven pollution sources including:  

 combustion processes; 

 industrial processes; 

 household heating; 

 road transport; 

 rail and aviation transport; 

 waste and waste water treatment; 

 agriculture. 

The studied set of pollutants released from each of these listed sources are the following eight: 

 sulphur oxides; 

 nitrogen oxides; 

 non-methane volatile organic compounds; 

 methane; 

 carbon oxide; 

 carbon  dioxide; 

 dinitrogen oxide; 

 ammonia. 

The information on these considered pollutant emissions during the indicated ten years period from 2011 to 2020 

in Bulgaria is organized in the database. 

Moreover, it should be noted that the presented approach integrates the processes of searching the data from xlsx 

files, restructuring and grouping separate datasets, and entering them into the relevant tables of the built database. 

The created database includes the following table schemes: 

 Continents (ID_continent, Continent); 

 Countries (ID_country, Country, ID_continent); 

 Pollution sources (ID sources, pollution sources, ID_country); 

 Pollutants (ID, Emissions of pollutants, name, ID sources); 

 Quantities (ID1, Year, Value (tonne), ID). 

In addition, the relationships between the relevant tables are of type one-to-many. 

Certain criteria are defined in order to form and extract groups of elements from one or more tables of the 

database, as well as to establish the relevant dependencies and tendencies for the studied objects. New subsets can 

contain n selected pollution sources (n>=1) that release the respective pollutant. Separately, other groups are formed 

from j considered pollutants (j>=1) and related to them data for one or more pollution sources. The difference 

between the values of each pollutant for the current and previous year is calculated:  

 11   jpjpjp ccw , where 2<=p<=10 (4) 

The set of values of these p-1 elements ( 1jpw ) are checked to see if they are only positive or negative. In this 

connection, the processes regarding the increase or decrease of the considered indicators are investigated, as well as 

the obtained dependencies and tendencies. The presented results for the indicated data are discussed and summarized. 

The method of analysis of variance [15], [16] and Tukey's range test [17] are applied in the current study to perform 

the statistical assessment [18], [19], [20] of these examined data. 
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RESULTS AND DISCUTION 

The result of the organization and distribution of the examined datasets in the built database is visualized in 

Fig.2. Structuring this examined information in the mentioned database enables users to obtain a quick access to 

individual elements, as well as a faster search of relevant components. A significant advantage of the built database 

is the possibility of its expansion. In this regard, the individual levels of structuring of the respective sets of elements 

do not change, but at the same time new subsets of objects can be added to each of these levels. 

 

 

FIGURE 2. Visualization of the structured dataset in the database tables 

Source: Data from the National Statistical Institute, Bulgaria 

 

The present work investigated eight contaminants. They are released from each of the considered seven pollution 

sources. The obtained fifty-six combinations of elements containing a certain contaminant and the relevant pollution 

source are studied in the period from 2011 to 2020. The calculations show that the subset of the examined 

differences ( 1jpw ) between the values of sulphur oxides in the air from combustion processes for the current and 

previous year are negative for the whole time segment. Analogous results are presented for the considered data 

regarding ammonia in the air from waste and waste water treatment. The situation is approximately the same with 

the studied information on elements such as methane and non-methane volatile organic compounds in the air from 

waste and waste water treatment, as well as nitrogen oxides from combustion processes. But here the calculated 

differences ( 1jpw ) for each of the listed three pollutants have positive values for one of the investigated years from 

the period. For the first and second element, this year is 2012, while for the third one, the year is 2014. The results for 

the studied data showed a decreasing tendency in the values of each of these five elements during the indicated 

period. The obtained linear regression models related to these five sequentially listed above contaminants released 

from the mentioned pollution sources are the following: 

 517.93920328314.4652  xy  (5) 

 24576906.121  xy  (6) 

 397.7518714273.3672  xy  (7) 

 110447009.54  xy  (8) 

 786.12289353795.6079  xy  (9) 

In addition, the constructed models are adequate at 5% level of significance. The calculated decline in the values 

of sulphur oxides and nitrogen oxides in the air from combustion processes is quite large. It is about 95.25% for the 

first group and about 81.66% for the second one. The same dependencies are established for the emission values of 

ammonia, non-methane volatile organic compounds and methane in the air from waste and waste water treatment. But 

here the decline is about 46.47%, 26.56% and 24.34% for the listed groups, respectively. 

The performed summaries show that the examined variables ( 1jpw ) are positive for several studied datasets 

during the period 2011-2016. In the case, the considered contaminants are nitrogen oxides, dinitrogen oxide and 

ammonia in the air from agriculture. The emissions of these pollutants increased by about 63.89%, 51.25% and 

17.51% respectively for the listed years. The reverse process is observed for the next group of elements, where the 
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values of 1jpw  are negative in the segment 2016-2020. This group includes carbon oxide and non-methane volatile 

organic compounds in the air from road transport. Here, a gradual decrease in the values of the listed elements is 

calculated by about 37.47% and 43.14%. It should be noted that the values of the rest contaminants released from the 

relevant pollution sources decrease and then increase or vice versa in certain sub-intervals of the indicated time 

period. Quite naturally, from an environmental point of view, efforts are aimed at reducing air pollutants. 

The current study applies the analysis of variance to the investigated datasets related to each pollutant. The results 

show the presence of statistically proven differences between the emission values of the relevant contaminant released 

from the considered pollution sources (p<alpha, alpha=0.05). In addition, the formed groups obtained from the 

application of Tukey's range test are visualized in Table 1. 

 
TABLE 1. The results from the presented evaluations of the studied datasets 

 
Means with the same letter are not significantly different  

Source: Own calculations on the basis of data from National Statistical Institute 
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The presented results from the evaluation of these studied data are the following: 

 five groups with statistically proven differences for the considered seven pollution sources are established 

according to the values of methane released from them. The situation is analogous for the examined data 

related to the non-methane volatile organic compounds; 

 four groups with statistically significant differences for the listed pollution sources are formed depending on 

the values of the ammonia released from them. A similar case is also obtained for the investigated emissions 

of carbon oxide; 

 three groups are presented with proven differences for the indicated sources releasing carbon dioxide into 

the air. The number of obtained groups is the same for the examined data on nitrogen oxides; 

 two groups with significant differences for the mentioned pollution sources are formed according to the 

values of sulphur oxides released from them. The case is similar for the studied data related to dinitrogen 

oxide (Table 1).  

CONCLUSION  

An approach for modeling and restructuring datasets concerning pollutant emissions in the air is presented in the 

current paper. It integrates the processes related to searching the necessary information from xlsx files, grouping and 

organizing the studied datasets, as well as entering and storing them in the built database. Certain criteria are defined 

in order to form and extract groups of elements from one or more tables of the database, as well as to establish the 

relevant dependencies for the considered objects in Bulgaria for the period from 2011 to 2020. Analysis of variance 

and Tukey's range test are used for statistical assessment of the examined datasets. 

The results for the studied data show a decreasing tendency in the values of sulphur and nitrogen oxides in the air 

from combustion processes. The same conclusions are drawn for the investigated emissions of methane, ammonia 

and non-methane volatile organic compounds in the air from waste and waste water treatment. An increase in the 

values of the nitrogen oxides, dinitrogen oxide and ammonia in the air from agriculture is calculated from about 

63.89%, 51.25% and 17.51% respectively for the time interval 2011-2016. The reverse process is observed for the 

next group of elements during the time period 2016-2020. A gradual decrease in the values of the carbon oxide and 

non-methane volatile organic compounds in the air from road transport is calculated of about 37.47% and 43.14%. 

The statistical evaluation of the studied information concerning pollutant emissions in the air for the considered 

ten years period shows groups with statistically significant differences. 

The presented approach can also be applied to examine datasets on air pollutant emissions for other countries. 
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